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It is clear that we are in the middle of an epidemic 
of mood disorders, with depression alone affecting 
approximately 1 in 6 adults in the US.1 The complex 
pathology of depression is not understood, and the 
condition often becomes a lifelong chronic disorder, 
creating enormous sociological and clinical burdens. 

Depression is a complex phenomenon, with 
several contributing pathways and a multitude of 
symptoms which may or may not be present. In 
addition to the unclear aetiology, the translatability 
of animal models is lacking in depression, and 
clinical trials, even of proven antidepressants, are 
prone to missing their primary endpoints. Such 
factors are contributing to the exit of Big Pharma out 
of depression, with GlaxoSmithKline, AstraZeneca 
and Pfizer being high-profile examples.

Selective serotonin reuptake inhibitors (SSRIs), such 
as Prozac (fluoxetine; Eli Lilly) and Celexa (citalopram 
hydrobromide; Allergan), remain first-line therapies 
in the US and EU markets2. However, with an 
estimated 10–30% of depression patients becoming 
treatment-resistant, high unmet need presents a 
dilemma for healthcare providers. 

The development of novel classes of antidepressants 
– such as those targeting the NMDA and opioid
receptor pathways – provides hope that future
breakthroughs are on the horizon. This analysis,
using Pharmaprojects and Trialtrove intelligence,
explores the current R&D landscape with an eye
towards highlighting novel treatment paradigms
and assessing where the market might be heading.

Breathing Life into a Stagnant Pipeline

Philippa Nutkins
Drug Analyst, Citeline 

1. US Department of Health and Human Services (2014) Results from the 2013 National Survey on Drug Use and 
Health: Mental Health Findings. Available from: https://www.samhsa.gov/data/sites/default/files/NSDUHmhfr2013/
NSDUHmhfr2013.pdf [Accessed 1 August 2018].
2. Brigitta B (2002) Pathophysiology of depression and mechanisms of treatment. Dialogues Clin Neurosci, 4, 7–20. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181668/ [Accessed 1 August 2018].
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Research and Clinical Activity for Depression
Drug Pipeline
Analysis of Pharmaprojects data (see Figure 
1) illustrates that the development pipeline of
antidepressant therapies is robust, including 127
active drug programs. Many of these drugs are yet
to hit the clinic (46 preclinical drugs). However, a
reasonable proportion are in early-stage clinical
trials; 54 drugs are in Phase I and Phase II
development. Nine drugs have reached Phase III,
which are profiled in Table 1. These notably include
rapastinel (Allergan) and esketamine (Johnson &
Johnson) – two late-stage ketamine-like candidates.
The atypical antipsychotic Vraylar (cariprazine;
Gedeon Richter/Allergan/Recordati/Mitsubishi
Tanabe) is also in Phase III trials. Here, a success
in depression would expand its approval beyond

bipolar disorder and schizophrenia, and Allergan 
has reported plans to submit a supplemental 
New Drug Application (sNDA) in the second half of 
2018. Sage Therapeutics is developing a GABA-A 
agonist which is showing promise in Phase III 
trials for post-partum depression. Other Phase III 
candidates include Sunovion Pharmaceuticals’ 
Latuda (lurasidone), Lee’s Pharmaceutical’s 
Oleptro (trazodone hydrochloride) and Axsome 
Therapeutics’ AXS-05. NeuroRx has completed 
the feasibility enrolment phase of its Phase IIb/
III clinical trial evaluating sequential therapy of 
NRX-100 (ketamine formulation) followed by orally 
administered NRX-101 for the treatment of suicidal 
bipolar depression3 (see Table 1).

3. NeuroRx (2018) NeuroRx, Inc. Completes Phase 2b/3 Feasibility Enrollment for First Glx-Targeted Oral Drug Targeting Suicidal Bipolar Depression. 
Available from: http://www.neurorxpharma.com/assets/6.11.2018---final---neurorx%2c-inc.-completes-phase-2b3-feasibility-enrollment-for-first-glx-
targeted-oral-drug-targeting-suicidal-bipolar-depression.pdf [Accessed 13 August 2018].

Figure 1. Status of antidepressant therapies in active development 

Source: Pharmaprojects®, September 2018
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Table 1. Phase III antidepressant therapies

Source: Pharmaprojects®, September 2018

Drug Components Developer Phase III trials Mechanism
esketamine S-enantiomer of

ketamine
Johnson & 
Johnson

Several ongoing pivotal 
Phase III trials (see 
Table 3)

NMDA antagonist

rapastinel amidated 
tetrapeptide

Allergan Several ongoing pivotal 
Phase III trials (see 
Table 3)

Glycine NMDA-associated 
agonist

AXS-05 bupropion + 
dextromethorphan

Axsome 
Therapeutics

Phase III trial 
(STRIDE-1) in the US 
for treatment-resistant 
depression

NMDA receptor antagonist

Adrenergic transmitter uptake 
inhibitor

Dopamine reuptake inhibitor

NMDA receptor antagonist

Norepinephrine/dopamine 
dual reuptake inhibitor

NRX-100/
NRX-101

ketamine HCL/D-
cycloserine + 
lurasidone

NeuroRx Phase IIb/III trial 
(STABIL-B) for suicidal 
bipolar depression

NMDA receptor antagonist

Glycine NMDA-associated 
agonist 

5-HT1A receptor antagonist

5-HT2A receptor antagonist

5-HT7 receptor antagonist

Dopamine D2 receptor 
antagonist

Latuda lurasidone 
hydrochloride

Sunovion 
Pharmaceuticals

Phase III for major 
depressive disorder

Dopamine D2 receptor 
antagonist

5-HT7 receptor antagonist

5-HT1A receptor antagonist

5-HT2A receptor antagonist
Vraylar cariprazine Allergan Phase III trial (RGH-

MD-53) for bipolar 
depression

Dopamine D2 receptor agonist

Dopamine D3 receptor agonist

Oleptro trazodone Lee’s 
Pharmaceutical

Phase II/III trial 
(Trazodone_1) for 
depression

Histamine H1 receptor 
antagonist

5-HT uptake inhibitor

Alpha-1 adrenoreceptor 
antagonist

SAGE-217 Undisclosed Sage 
Therapeutics

Phase III for post-
partum depression

GABA receptor agonist
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In addition, five drugs are filed for approval (see 
Figure 1), including Alkermes’s ALKS 5461, an opioid 
system modulator. After producing mixed data 
from three registrational trials, Alkermes submitted 
an NDA to the US Food and Drug Administration 
(FDA) in January 2018, and a Prescription Drug 
User Fee Act date of 31 January 2019 has been 
assigned4. Other filed treatments include Sage 
Therapeutics’ brexanolone (a GABA-A positive 
allosteric modulator), Otsuka’s ASC-01 and Fabre-
Kramer’s extended-release formulation of gepirone. 
In September 2018, Johnson & Johnson announced 
the submission of an NDA to the FDA for esketamine 
nasal spray in treatment-resistant depression – 
if granted approval, it could represent the first 
antidepressant with a novel mechanism in decades. 

Otsuka’s digital medicine Abilify MyCite has recently 
launched as part of a limited rollout5. Abilify 
MyCite is a drug-device product which combines 
Otsuka’s Abilify (aripiprazole) with the Proteus 
ingestible sensor in a single tablet. This digitally 
records ingestion and, with patient consent, shares 
information with their healthcare professionals 
and caregivers. This is a first-of-its-kind drug 
and a huge step for both digital health, which 
aims to leverage data to personalize the patient 
experience, and antidepressant drug development. 
The strong correlation of depression with medical 
noncompliance6 underlines the importance of 
capturing medication-taking patterns to help inform 
illness management, an issue which drugs such as 
Abilify MyCite are starting to address. 

4. Alkermes (2018) Alkermes Plc Reports First Quarter 2018 Financial Results. Available from: http://investor.alkermes.com/phoenix.
zhtml?c=92211&p=RssLanding&cat=news&id=2344849 [Accessed 13 August 2018]
5. Abilify MyCite (2018) Initial Rollout for the ABILIFY MYCITE® System. Available from: https://www.abilifymycite.com/initial-rollout [Accessed 8 August 
2018].
6. DiMatteo MR, Lepper HS, Croghan TW (2000) Depression is a risk factor for noncompliance with medical treatment: meta-analysis of the effects of 
anxiety and depression on patient adherence. Arch Intern Med, 160(14), 2101–7. Available from: https://www.ncbi.nlm.nih.gov/pubmed/10904452 
[Accessed 13 August 2018].
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Clinical Trials
Since January 2012, Trialtrove has reported a total 
of 290 industry-sponsored Phase I–III depression 
studies targeting depression to have initiated. By far 
the largest numbers of trials were in Phase I (142), 
followed by 77 Phase III trials (including Phase II/III) 
and 71 Phase II trials (including Phase II/III). Among 
the 67 ongoing industry-sponsored trials, unusually 
the largest number are in Phase II (27), followed by 
Phase III (21) then Phase I (19). 

Figure 2 profiles the percentage of trial starts by 
phase for depression since 2012 – such an analysis 
can help us draw predictions regarding the clinical 
development landscape. From Figure 2, Phase III 

trial starts show a downward trend for depression, 
decreasing from approximately 39% in 2013 to 
17% in 2018. This is a clear demonstration of the 
complexity inherent in depression, the limitations of 
effective psychometric tests to quantify depression 
and a lack of industry commitment. Regarding 
Phase I trials, Figure 2 profiles a sharp increase 
from 2013 to 2014, which declined until another 
prominent increase in 2017. The increase in Phase 
I trials in 2014 can be attributed to the advent of 
ketamine derivatives. In 2016, there was an increase 
in Phase II trials compared to both the previous and 
following years, presumably from the 2014 trial 
progression. 

Figure 2. Trial starts for depression by phase since 2012

*Includes trial starts up to August 2018.
Note: Phase II includes Phase I/II trials and Phase III includes Phase II/III.

Source: Trialtrove®, August 2018

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
2012 2014 20162013 2015 2017 2018*

Phase I Phase II Phase III



8 / October 2018 © Informa UK Ltd 2018 (Unauthorized photocopying prohibited.)

Figure 3. Top mechanisms of action for antidepressant therapies by phase

Mechanisms of Active Antidepressant 
Drug Programs
While the aetiology and pathology underlying 
depression are largely unknown, many hypotheses 
have been brought forward in antidepressant 
drug research, as reflected by the broad range 
of mechanisms of action (MOAs) of active drug 

programs captured in Pharmaprojects (see Figure 
3). Some of the major MOAs for antidepressant 
therapies remain focused on modulation of 
serotonin/5-hydroxytryptamine (5-HT) signalling, 
including; potentiation of the postsynaptic 5-HT1A 
receptor, 5-HT uptake inhibition (SSRIs) and 5-HT2A 
antagonism.

Source: Pharmaprojects®, September 2018
*Drugs with more than one mechanism are double counted.
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Table 2. Late-stage ketamine derivatives for depression

Considerable effort has gone into the development 
of antidepressant drugs that specifically target 
serotonin, which has been perpetuated by 
the relatively simplistic SSRI mechanism and 
accompanying industry marketing. However, 
based on biological hallmarks of the disease and 
recent insights into the use of ketamine as an 
antidepressant, an emerging strategy is to modulate 
glutamate signalling. Figure 3 illustrates that 12 
NMDA receptor antagonists are currently in active 
development, and an additional three, in early 
clinical development, are specific for the NMDA 
receptor subunit 2B. Four early-stage drug programs 
are focused on inhibition of metabotropic glutamate 
receptor signalling (namely mGluR2, mGluR5 and 
mGluR7), and three drug candidates mediate their 
effects through partial agonism at the glycine site of 
the NMDA receptor. This diverse range of compounds 
modulating glutamatergic transmission, illustrated 
in Figure 3, indicates recognition of the potential 
for the glutamatergic system as a mediator of 
psychiatric pathology in depression. Late-stage 
NMDA antagonists and glycine-associated NMDA 
agonists are profiled in Table 2.

Other interesting strategies in the treatment of 
depression have been based on modulation of opioid 
and γ-aminobutyric acid (GABA)ergic transmission. 

Figure 3 demonstrates that a novel target for recent 
antidepressants is the delta opioid receptor. The 
potential of delta opioid agonists for the treatment 
of anxiety and depression has raised considerable 
interest, and currently there are five ongoing 
pharmaceutical programs investigating these 
agents. At the forefront of this effort is Alkermes’s 
ALKS 5461, which targets several opioid receptors. 
However, three out of the four opioid delta receptor 
agonist preclinical programs illustrated in Figure 3 
are specific for the opioid delta receptor. These are 
Trevana’s TRV250, Nippon Chemiphar’s NC-2800 and 
PharmNovo’s PN6047. Alkermes also has a second 
opioid receptor modulator currently in preclinical 
development – 3CS-nalmefene. 

GABA receptor agonists are also showing promise 
for the treatment of depression. The clinical 
demonstration of the antidepressant action of 
GABAmimetic agents was established decades ago, 
and the GABA hypothesis of depression still holds 
today, as represented by four pipeline candidates 
(see Figure 3). Sage Therapeutics’ brexanolone, a 
GABA-A positive allosteric modulator, has filed for 
approval for post-partum depression in the US, and 
the company has a second GABA agonist already in 
Phase III trials (SAGE-217).

Drug Components Developer Phase Mechanism
esketamine S-enantiomer of 

ketamine
Johnson & 
Johnson

Pre-registered 

Several ongoing Phase 
II trials (see Table 3)

NMDA antagonist

rapastinel amidated 
tetrapeptide

Allergan III

Several ongoing 
pivotal Phase III trials 
(see Table 4)

Glycine NMDA-associated 
agonist

AXS-05 bupropion + 
dextromethorphan

Axsome 
Therapeutics

III

Phase III trial 
(STRIDE-1) in the US 
for treatment-resistant 
depression

NMDA receptor antagonist

Adrenergic transmitter uptake 
inhibitor

Dopamine reuptake inhibitor

NMDA receptor antagonist

Norepinephrine/dopamine dual 
reuptake inhibitor
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7. World Health Organization (2017). WHO Model List of Essential Medicines. Available from: http://apps.who.int/iris/bitstream/handle/10665/273826/
EML-20-eng.pdf?ua=1 [Accessed 15 August 2018]
8. Kirby T (2015) Ketamine for depression: the highs and lows. The Lancet Psychiatry, 2(9), 783–84. Available from: 10.1016/S2215-0366(15)00392-2 
[Accessed 15 August 2018].

A Robust New Approach – The K Factor
Ketamine was first developed in the 1960s and is 
regarded by the WHO as one of the most essential 
medicines for healthcare, as an anaesthetic agent7. 
Recently, evidence is mounting that supports 
ketamine’s effectiveness for treatment-resistant 
depression. Since ketamine is an FDA-approved drug, 
it can be used off-label to treat depression, and 
there are a growing number of ketamine treatment 
facilities to help patients who have exhausted all 
other options8. However, as ketamine has been 
off-patent for decades, there is no profit in pharma 
companies pursuing ketamine as a treatment for 
depression. Additionally, ketamine presents with 
well-known dissociative, addictive and sedative side 
effects, leading to its recreational use. Therefore, 
companies are pursuing the development of novel 
agents which harness the pharmacokinetic profile of 
ketamine but can be patented, present with minimal 

side effects and produce a significant rapid and 
long-lasting antidepressant action.

Ketamine appears to modulate glutamate 
transmission primarily by acting as an NMDA 
receptor antagonist, suggesting depression is a 
disorder of NMDA receptor hyper-functionality. 
However, not all NMDA receptor antagonists exhibit 
antidepressant effects and agonists of the glycine 
site of the NMDA receptor also show potential 
for the treatment of depression – suggesting 
the antidepressant effects of ketamine are very 
complex. Two compounds, esketamine and 
rapastinel, are at the forefront of industry efforts to 
bring a glutamatergic modulator to market – these 
act principally as an NMDA receptor antagonist and 
as a glycine NMDA-associated agonist, respectively.

NRX-100/
NRX-101

ketamine HCL/D-
cycloserine + 
lurasidone

NeuroRx III

Phase IIb/III trial 
for suicidal bipolar 
depression

NMDA receptor antagonist

Glycine NMDA-associated 
agonist

5-HT1A receptor antagonist

5-HT2A receptor antagonist

5-HT7 receptor antagonist

Dopamine D2 receptor 
antagonist

NRX102 D-cycloserine + 
SSRI 

NeuroRx II

Phase IIa for 
treatment-resistant 
depression

Glycine NMDA-associated 
agonist

5-HT uptake inhibitor

AV-101 prodrug of L4-
chlorokynurenine

VistaGen II

Phase II in the US for 
MDD

Glycine NMDA-associated 
antagonist

AMPA receptor agonist
REL-017 d-enantiomer of 

methadone
Relmada 
Therapeutics

II

Phase IIa trial (REL-
1017-202) in the US 
for major depressive 
disorder

NMDA receptor antagonist

Source: Pharmaprojects®, September 2018
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9. Janssen press release (2018) Janssen Submits Esketamine Nasal Spray New Drug Application to U.S. FDA for Treatment-Resistant Depression. 
Available from: https://www.janssen.com/janssen-submits-esketamine-nasal-spray-new-drug-application-us-fda-treatment-resistant-depression
10. Zarate CA, Singh JB, Quiroz JA, et al. (2006) A double-blind, placebo-controlled study of memantine in the treatment of major depression. Am. J. 
Psychiatry, 163(1), 153–155. Available from: 10.1176/appi.ajp.163.1.153 [Accessed 10 September 2018].
11. Daly, E, et al (2018) Efficacy and safety of intranasal esketamine adjunctive to oral antidepressant therapy in treatment-resistant depression. A 
randomized clinical trial. JAMA Psychiatry, 75(2), 139-148. Available from: 10.1001/jamapsychiatry.2017.3739 [Accessed 7 September 2018].
12. Himmelseher S, Pfenniger E (1998) The clinical use of S-(+)-ketamine--a determination of its place. Anasthesiol Intensivmed Notfallmed 
Schmerzther, 33(12), 764–770. Available from: 10.1055/s-2007-994851 [Accessed 7 September 2018].
13. Andrade C (2015) Intranasal drug delivery in neuropsychiatry: focus on intranasal ketamine for refractory depression. J Clin Psychiatry, 76(5), 
628–631. Available from: 10.4088/JCP.15f10026 [Accessed 11 September 2018]. 

What is Esketamine?
Esketamine is the S-enantiomer of ketamine 
racemate, and Johnson & Johnson is moving 
forward with the optical isomer to treat depression, 
having announced submission of an NDA on 
4th September 2018 for treatment-resistant 
depression9. Esketamine functions in part as an 
NMDA receptor antagonist. However, various 
NMDA receptor antagonists, such as memantine, 
do not consistently show antidepressant effects10, 
suggesting that there is more to esketamine’s 
therapeutic profile than NMDA antagonism. 
Esketamine has demonstrated rapid onset of 
antidepressant effects in patients with treatment-
resistant depression as early as two hours after 
single-dose intranasal administration11. Esketamine 
has three to four times higher affinity for NMDA 
receptors than the R-enantiomer12, allowing 
antidepressant efficacy at lower doses13. Johnson 
& Johnson secured patent protection by developing 
esketamine as an intranasal formulation for 
treatment-resistant depression and for the rapid 
reduction of symptoms of major depressive disorder, 
including suicidal ideation. The intranasal route of 
administration is more convenient than IV delivery 
and circumvents the relatively poor bioavailability 

associated with oral administration13. 

Theoretically, an intranasal delivery route could be 
taken at home, and circumvent the compliance 
issues for IV formulations. However, due to 
dissociative side effects and the potential for abuse 
liability, the intention is that esketamine will be 
administered in the clinic. Johnson & Johnson’s 
NDA for esketamine is based on five pivotal Phase 
III trials, three short-term studies, one withdrawal 
maintenance of effect study and one long-term 
safety study9. However, one of the short-term 
studies conducted in elderly patients narrowly 
missed statistical significance for its primary 
efficacy endpoint. Moreover, the side effects 
and high potential for abuse make a regulatory 
decision very difficult to predict. However, after 
the NDA submission, Biomedtracker’s Likelihood of 
Approval (LOA) metric sits at 89% (Biomedtracker®, 
September 2018). Esketamine is currently in several 
ongoing international multicenter trials, which 
are illustrated in Table 4. Interestingly, Poland-
based Celon Pharma is developing a reformulation 
of esketamine, as a dry powder inhaler, which is 
currently in Phase II trials. 
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Table 3. Study design features of Phase III esketamine trials 

Source: Trialtrove®, September 2018

Trial objective Patient population Start date Countries Key primary endpoint(s)
Efficacy, pharmacokinetics, 
safety and tolerability

Treatment-resistant 
depression

25 May 2018 China; US Montgomery-Asberg 
Depression Rating Scale 
(MADRS)

Efficacy Major depressive 
disorder

15 June 2017 Worldwide Montgomery-Asberg 
Depression Rating Scale 
(MADRS)

Efficacy Major depressive 
disorder with suicidal 
ideation

9 June 2017 Worldwide Montgomery-Asberg 
Depression Rating Scale 
(MADRS)

Safety and tolerability Major depressive 
disorder

9 June 2016 Worldwide Treatment-emergent 
adverse events (TEAEs)

14. Burgdorf J, Zhang X, Weiss C, et al. (2006) The long-lasting antidepressant effects of rapastinel (GLYX-13) are associated with a metaplasticity 
process in the medial prefrontal cortex and hippocampus. Neuroscience, 308, 202–211. Available from: 10.1016/j.neuroscience.2015.09.004 [Accessed 
11 September 2018]. 
15. Moskal JR, Burgdorf J, Stanton PK, et al. (2017) The Development of Rapastinel (Formerly GLYX-13); A Rapid Acting and Long-Lasting Antidepressant. 
Curr Neuropharmacol, 15(1), 47–56. Available from: 10.2174/1570159X14666160321122703 [Accessed 11 September 2018].
16. Allergan (2018) Allergan Receives FDA Fast Track Designation for AGN-241751 for the Treatment of Major Depressive Disorder (MDD). Available from: 
https://www.prnewswire.com/news-releases/allergan-receives-fda-fast-track-designation-for-agn-241751-for-the-treatment-of-major-depressive-
disorder-mdd-300684622.html [Accessed 20 August 2018].

What is Rapastinel?
Rapastinel is a new molecular entity, a tetrapeptide, 
which acts as a robust cognitive enhancer and 
facilitates hippocampal long-term potentiation14 
through enhancement of NMDA receptor activity by 
partial agonism at the glycine site of the receptor15. 
Rapastinel IV injection has shown significant rapid 
and long-acting antidepressant effects, and is 
currently in several pivotal Phase III trials for major 
depressive disorder (see Table 3). Allergan expects 
topline results from Phase III trials in the first half of 
2019 (Biomedtracker®, September 2018). 

However, as rapastinel is administered intravenously 
in clinics, patient adherence is a major concern 
for Allergan. To facilitate compliance, Allergen 
developed apimostinel, an oral peptide that 
mimics rapastinel activity, but it was subsequently 
discontinued for strategic reasons. The company is 
now focused on an orally available small molecule 
NMDA receptor modulator (AGN-241751), which was 
acquired from Aptinyx. This candidate is currently in 
Phase II clinical trials and has been recently granted 
fast track designation by the FDA16.
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Table 4. Study design features of Phase III rapastinel trials

Source: Trialtrove®, September 2018

Trial objective Patient population Start date Countries Primary endpoint
Efficacy and 
safety

Major depressive 
disorder

23 August 2018 US Treatment-emergent adverse 
events (TEAEs)

Efficacy, safety 
and tolerability

Major depressive 
disorder

7 August 2018 US Time to first relapse during the 
first 52 weeks of the double-blind 
treatment period

Efficacy, safety 
and tolerability

Major depressive 
disorder

15 June 2018 US Montgomery-Asberg Depression 
Rating Scale (MADRS) 

Safety and 
tolerability 

Major depressive 
disorder

3 February 2017 US Frequency and severity of adverse 
events

Efficacy, safety 
and tolerability

Major depressive 
disorder

1 November 2016 US Montgomery-Asberg Depression 
Rating Scale (MADRS)

Safety, efficacy 
and tolerability

Major depressive 
disorder

2 November 2016 US Montgomery-Asberg Depression 
Rating Scale (MADRS) 

Safety, efficacy 
and tolerability 

Major depressive 
disorder

15 October 2016 US Montgomery-Asberg Depression 
Rating Scale (MADRS) 
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Insights from Failed Ketamine-Related Compounds in Depression
Figure 4 profiles the status of ketamine-related 
drugs, including inactive programs that have either 
been reported as definitely discontinued or are 
assumed as discontinued due to a lack of reported 
ongoing R&D activity. In total, 22 different drug 

programs which function either through NMDA 
antagonism or NMDA glycine-associated agonism 
have been discontinued for the treatment of 
depression. 

While the advent of ketamine-like compounds 
suggests fresh possibilities for antidepressants, 
several disclosed program failures confirm that 
the antidepressant action of ketamine is complex. 
AZD6765 was a low-trapping NMDA receptor 
antagonist originally developed as a treatment for 
stroke, and was shelved in 2000 by AstraZeneca 
after Phase II trials failed to show signs of efficacy. 
However, after the clinical reports demonstrating 
ketamine’s efficacy for depression, AstraZeneca 
trialled AZD6765 in depressed patients, where 
the drug failed due a short-lived therapeutic 
effect17. It was hypothesized that other factors 
must contribute to the antidepressant effect 

of ketamine – namely subunit specificity at the 
NMDA receptor and additional effects mediated by 
ketamine metabolites. Despite a lack of success with 
AZD6765, AstraZeneca pursued major depressive 
disorder with suicidal ideation with its successor 
AZD6423. However, after completion of a Phase I 
trial, AZD6423 was itself replaced with the orally 
bioavailable compound AZD8108, for which a Phase 
I trial in 258 patients was completed last year. Other 
program failures include Alkermes’s ALKS 7119, 
Concert Pharmaceuticals’ C-10003 and Allergan’s 
apimostinel. None of these disclosed failures passed 
Phase II trials, and all fell short due to efficacy or 
safety concerns. 

Figure 4. Status of ketamine-related compounds for depression

Source: Pharmaprojects®, September 2018

17. Lowe D (2013) A Short Rise Out of Depression. Science translational medicine. Available from: http://blogs.sciencemag.org/pipeline/
archives/2013/01/18/a_short_rise_out_of_depression [Accessed 12 September 2018].
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Insights gleaned from preclinical studies and 
failed candidates suggest that improved subtype-
selective NMDA receptor antagonists could possess 
improved therapeutic profiles18. Suppression of 
GluN2B activation has shown potential, and there 
are currently three products under development 
(see Figure 4). These GluN2B antagonists include 
NeurOp’s NP10679 (Phase I) and Evotec’s EVT 100 
(Phase I). In addition, Cadent Therapeutics has 
a drug program dedicated to the development 
of these specific NMDA antagonists. However, 

Cerecor’s GluN2B antagonist, CERC-301, failed Phase 
II trials due to efficacy, where two trials failed to 
demonstrate efficacy on the primary endpoint of 
mean improvement on the Hamilton Depression 
Rating Scale. Additionally, Bristol-Myers Squibb is 
currently investigating the potential of BMS-98616, 
a GluN2A antagonist, in preclinical studies. Time will 
tell whether antagonism at the GluN2B subunit of 
the NMDA receptor with novel entities actually holds 
potential to mediate depression-like behaviour.

18. Zanos P, Gould T (2018) Mechanisms of ketamine action as an antidepressant. Molecular Psychiatry, 23, 801–811. Available from: 10.1038/
mp.2017.255 [Accessed 12 September 2018]. 
19. Flores-Ramos, M, Salinas M, Carvajal-Lohr A, et al. (2017) The role of gamma-aminobutyric acid in female depression. Gac Med Mex, 153(4), 486–495. 
Available from: 10.24875/GMM.17002544 [Accessed 12 September 2018].

The Changing Focus of Antidepressant Therapy
The data profiled here highlight a potential 
paradigm shift in the treatment of depression. 
As the optimization of traditional antidepressant 
drugs wanes, the development of opioid, GABA 
and glutamatergic receptor modulators is showing 
promise. 

The hypothesis of GABA dysfunction has long been 
considered for antidepressant therapies; however, 
clinical efficacy found with brexanolone and SAGE-
217 in post-partum depression may be suggestive 
of an interplay between GABA modulation and 
hormonal changes in depression19. Indeed, further 
research is required to elucidate this potential link. 
Moreover, new insights drawn from the successes or 
failures of drug programs targeting opioid receptors 
will further our understanding of the significance of 
this system in depression.

In addition to novel development of GABA and 
opioid receptor modulators, the depression 
landscape has also witnessed a move beyond 
functional fixedness, allowing us to realize the 
potential of ketamine for an indication completely 
novel to its intended use. This has revealed an 

exciting platform for the development of new 
pharmacological agents for depression. The 
antidepressant effects of ketamine, a commonly 
used anaesthetic, have confirmed that targeting the 
glutamatergic system and neurotrophic pathways 
may offer new treatment options. Despite several 
program failures, the pipeline remains stocked with 
these agents, suggesting a glutamatergic-targeted 
antidepressant may be on the market in the near 
future. Phase III clinical trials are dominated by 
rapastinel and esketamine, and esketamine has 
recently filed for approval. Additionally, various 
early-stage candidates are targeted at metabotropic 
glutamatergic modulation. 

While the underlying molecular pathways critical 
for ketamine’s antidepressant effects remain 
elusive, the pipeline showcased here implicates 
ketamine’s relevance in the field as the preliminary 
agent in a new era of antidepressant therapies. 
The discovery of ketamine’s robust antidepressant 
effects showcases the importance of flexibility in our 
thinking, which is leading to novel drug candidates 
in a previously stagnant pipeline.
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